Simple models, based on Lotka-Volterra types of interactions between predator and prey, predict that enrichment will have a destabilizing effect on populations and that equilibrium population densities will change at the top trophic level and every second level below. We experimentally tested these predictions in three aquatic food web configurations subjected to either high or low nutrient additions. The results were structured by viewing the systems as either food chains or webs and showed that trophic level biomass increased with enrichment, which contradicts food chain theory. However, within each trophic level, food web configuration affected the extent to which different functional groups responded to enrichment. By dividing trophic levels into functional groups, based on vulnerability to consumption, we were able to identify significant effects that were obscured when systems were viewed as food chains. The results support the prediction that invulnerable prey may stabilize trophic-level dynamics by replacing other, more vulnerable prey. Furthermore, the vulnerable prey, such as Daphnia and edible algae, responded as predicted by the paradox of enrichment hypothesis; that is, variability in population density increased with enrichment. Hence, by describing ecosystems as a matrix of food web interactions, and by recognizing the interplay between interspecific competition and predation, a more complete description of the ecosystem function was obtained compared to when species were placed into distinct trophic levels. *
Simple models, often based on Lotka-Volterra-like interactions between predator and prey populations, have a long tradition in ecology due to the relatively simple mathematics involved. Such models have been extended to ecosystems to describe trophic-level biomass in food chains of systems at equilibrium, assuming that trophic levels act as populations (Fretwell 1977; Oksanen et al. 1981; Oksanen 1988) . Most attention has been directed toward stable equilibrium conditions, with a locally stable point, whereas dynamic behaviors, that is, limit cycles or chaos, have received less attention (Hastings et al. 1993; Hastings 1996) because such states have been considered unlikely to persist in nature.
A fundamental prediction from Lotka-Volterra-type predator-prey models (i.e., with prey-dependent functional response), termed the "paradox of enrichment," states that increasing the carrying capacity of the prey will force the equilibrium density of the prey and the predator to move from a stable focus to limit cycles (Rosenzweig 1971) . Data from natural systems suggest that both prey and predator densities are less sensitive to the destabilizing effect of enrichment than such simple theoretical models predict (McCauley and Murdoch 1987; McCauley et al. 1988 ). This has sometimes been explained by the fact that there is more to enrichment than just energy availability. For example, both environmental condition and food web structure may be functions of productivity. In plantherbivore systems, an increase in carrying capacity of the plant may be associated with a decrease in the attack rate of the herbivore due to a succession toward inedible prey (Leibold 1989; McCauley and Murdoch 1990) . Similarly, an increase in carrying capacity may be associated with an increase in the mortality rate of the herbivore due to a shift in the community composition of top predators (Persson et al. 1988 (Persson et al. , 1991 Sarnelle 1992) . Such modified performance of interacting participants may affect equilibrium densities of both predator and prey, as well as counteract the destabilizing effects of enrichment predicted from simple models. The discrepancy between Figure 1: Feeding links in food web treatment I (A), II (B), and III (C), viewed as either food chains or food webs. Arrows denote direction of nutrient flow. In chain/web II, no fish were present, and in chain/web I, no fish or Daphnia were present. When viewing the systems as food chains, Daphnia and small grazers together were pooled as total zooplankton, and edible and filamentous algae were pooled as total algae. Heterotrophic nanoflagellates (HNF) and bacteria are not included in the classical food chains. Note that when fish are present, Daphnia are suppressed, and when Daphnia are present, the number of links is higher due to generalized feeding by Daphnia. model predictions and field data has resulted in a number of proposed model modifications, introducing stabilizing factors, such as predator interference (Arditi and Ginzburg 1989) , omnivory (McCann and Hastings 1997) , spatial heterogeneity (Jansen 1995; Scheffer and de Boer 1995; Abrams and Walter 1996) , and heterogeneity within trophic levels (Yodzis and Innes 1992; Abrams 1993) . While the development of theoretical explanations has received much attention, empirical tests of the hypothesis are still quite rare (but see McCauley et al. 1988; McCauley and Murdoch 1990) .
In this study, we tested the prediction that enrichment destabilizes population dynamics. Here, we restrict our definition of destabilization to an increase in variability in population density. We hypothesize that whether a population is destabilized by enrichment is dependent on two factors: prey vulnerability and predator-exploitation efficiency. First, a decrease in prey vulnerability as a response to increased predation intensity stabilizes predator-prey dynamics (e.g., Leibold 1989; Scheffer and de Boer 1995; Abrams and Walters 1996; Bohannan and Lenski 1997; Fryxell and Lundberg 1997) . This may take place either because prey use refuge habitats and become unavailable to predators (Turner and Mittelbach 1990; Scheffer and de Boer 1995; Abrams and Walters 1996) or because of progressive replacement by species (or individuals) that are less susceptible to predation (from the predator's point of view, the attack rate decreases; Kerfoot et al. 1988; Leibold 1989; Sarnelle 1992; Brönmark and Weisner 1996; Bohannan and Lenski 1997) . Second, the consumer itself may experience predation from a top predator (i.e., the death rate of the intermediate consumer is increased), thereby preventing overexploitation of the resource population (May 1973; Kretzschmar et al. 1993) . Hence, introduction of a top predator (fish) is hypothesized to stabilize the populations of lower organization (zooplankton and algae) because death rate of intermediate predators increase and because selection toward less efficient intermediate predators should occur, causing exploitation efficiency to decrease (May 1973; Kretzschmar et al. 1993 ). This indirect form of density dependence (Abrams and Walters 1996) was early proposed as a plausible cause for the absence of paradox of enrichment behavior (May 1973; Rosenzweig 1973) . More recent analyses of model behavior of three-species food chains suggest that enrichment may cause both population cycles and chaos (Hastings and Powell 1991; Abrams and Roth 1994a, 1994b; Lundberg and Fryxell 1995) . Thus, model predictions of the effects of enrichment on the stability properties in three-species food chains are contradictory.
Analyses of links and connectedness between species in natural ecosystems have shown that idealized food chains often do not adequately capture the complexity found in nature (Pimm 1982; Polis 1991) . This discrepancy, between the simplicity of theoretical models and the complexity of natural food webs, may obstruct elucidation of the dynamics of natural systems. Indeed, determination of causes and effects are difficult in natural food webs due to the high number of possible links between the various participants and their habitats, causing patterns to be obscured by complex indirect effects (Pimm et al. 1991; Polis and Strong 1996) . One way of approaching this problem is to conduct experiments in simplified systems to reduce the number of links as well as the influence of external interference due to migration between habitats or systems. To reduce complexity, we employed indoor tank experiments with inocula from the field ( fig. 1 ). Our analysis was structured by splitting trophic levels into functional groups, differing in vulnerability to predation ( fig. 1 ). Thus, the resulting systems were webs rather than chains. The density variability of each compartment, measured as coefficient of variation (CV), was then used as a measure of sensitivity to destabilization by enrichment.
Material and Methods

Experimental Design
The experiment was carried out in 36 tanks in a greenhouse from November 21, 1995 , to April 2, 1996 . A factorial design was used with low and high nu-2 # 3 trient conditions crossed with three different food webs. The basic food web included bacteria, heterotrophic flagellates, algae, and small grazers (small cladocerans and rotifers). This food web was either unaltered (web I), received an addition of large grazers (web II), or an addition of both large grazers and fish (web III; fig. 1 ). For webs II and III, we used 400-L cylindrical tanks (height: 1.0 m, diameter: 0.74 m). Web I was stocked in 80-L cylindrical tanks (height: 0.70 m, diameter: 0.46 m). Each of the six treatments was replicated six times.
We used different-sized containers due to logistical reasons. The largest organism (fish) was not added to any of the small containers. Our experience is that smaller organisms (zooplankton and algae) are not affected by container size as long as the volume is reasonably large, which was the case here. Moreover, the walls of the containers were scrubbed twice a week to keep epiphytic algae biomass low throughout the experiment, thereby reducing any biases caused by different area to volume ratio.
In webs II and III, habitat complexity was increased by adding two net cylinders (mesh size: 2 mm; total volume of 36 L) and four artificial macrophytes (untwined polypropylene ropes reaching from the bottom to the surface of each tank). In web I, one artificial macrophyte and a net with an area 25% of that used for nets in webs II and III were added. The water in each tank was continuously aerated, and to protect cladoceran zooplankton from air bubbles, a cylindrical net (mesh size: 200 mm) surrounded each air outlet. Temperature in the experimental tanks was ЊC throughout the experiment. Artificial light 23Њ ‫ע‬ 3 (13,000 lux) was used between 0600 and 2200 hours during periods when sunlight decreased below 17,000 lux.
Before the start of the experiment, tanks were filled with aerated water, and a phytoplankton inoculum from the eutrophic Lake Ringsjön was added. In addition to algae, this inoculum also contained small grazers, such as rotifers and small cladocerans (Chydorus). A week later, large zooplankton were added to webs II and III. The zooplankton suspension consisted of a mixture of natural zooplankton communities from a fishless pond and laboratory cultures of Daphnia magna and Daphnia obtusa. To compensate for nutrients, algae, and microbes added with zooplankton, tanks assigned to web I were supplied with the same relative amount of water as webs II and III, after filtering out the zooplankton with a 10-mm net. At the start of the experiment, two adult female and two adult male guppies (Poecilia reticulata) were added to each web III tank. Extra nutrients (proportion phosphorus 1%, ammonium 2%, nitrate 3.1%) were added initially to all tanks, corresponding to an increase in phosphorus concentration of 125 mg L Ϫ1 in the treatments with high nutrient concentration and 12.5 mg L Ϫ1 in the low nutrient treatments. This addition was repeated after the first sampling occasion. Thereafter, the high nutrient tanks received the same nutrient addition after each sampling occasion, whereas nutrients were no longer added to the low nutrient tanks.
To ensure fish reproduction, a minimum of one individual of each sex was maintained in each tank by replacing dead fish. To prevent any stochastic species extinction within tanks, an inoculum of 1.2% of the tank volume (5 L from large tanks and 1 L from small tanks) was taken weekly from each web II and III tank, combined and mixed, and then returned to the tanks in equal parts. Web I was treated in the same way but separated from webs II and III to avoid introduction of larger zooplankters. Consequently, by running the experiment for a long time, introducing inocula from different systems, and enhancing the dispersal between mesocosms by mixing, the experimental setup allowed for compositional change (sensu Leibold et al. 1997 ). However, it should be kept in mind that the possible responses in the experiment were within the scope of the species pool originally introduced.
Sampling
All tanks were sampled every 4 wk, making a total of six sampling occasions. Before each sampling, refuges were cleaned and removed, tank walls were scrubbed, and the water in each tank was mixed. From each tank, water was sampled from surface to bottom with a Plexiglas tube. Ten liters from each tank were filtered through a 55-mm mesh for zooplankton analysis. The zooplankton samples were preserved in Lugol's solution and the filtered water returned to the tanks. One liter from each tank was brought into the laboratory for analysis of phytoplankton biomass.
Algal samples were preserved with Lugol's solution, and permanent slides were made using HPMA (2-hydroxypropyl-metacrylate with the catalyst azo-bis-iso-butyronitrile; Crumpton 1987) . Algae were counted at #200 mag-nification, and in each sample, a minimum of 200 cells were counted. Twenty individuals of each algal species were measured with an ocular micrometer, and the biovolumes were calculated using formulae for a double cone (Monoraphidium), ellipsoid with circular cross section (Scenedesmus), and cylinder (all filamentous species). Algae were separated into two functional groups that were expected to differ in vulnerability to grazing due to differences in size. Consequently, small genera were assigned to edible algae (Scenedesmus and Monoraphidium constituted more than 95% by numbers), and colonial genera were assigned to filamentous algae (Oscillatoria, Tribonema, Anabaena, and Pseudoanabaena constituted more than 95% by numbers).
The biomass of zooplankton was estimated by using the length-weight regressions presented by Bottrell et al. (1976) . The rotifer community was dominated by Lecane spp., for which a constant body weight of 0.2 mg dry weight was used (Bottrell et al. 1976 ). Zooplankton grazers were divided into two functional groups based on diet breadth: Daphnia spp., which have a broad diet that covers prey sizes from bacteria to filamentous algae, and a second group termed "small grazers," consisting of rotifers (Lecane spp.) and small cladocerans (mainly Chydorus spp.), which have a more specialized diet based on edible algae and heterotrophic flagellates ( fig. 1 ).
Bacteria and heterotrophic flagellates were preserved according to the Lugol/-formaldehyd/thiosulfate method (Sherr and Sherr 1993) and counted by epifluorescence microscopy after staining with DAPI (Porter and Feig 1980) . At least 250 bacteria, or 10 fields of view, were counted. Heterotrophic flagellates (lacking autofluorescence) were counted in 25-50 fields of view, generally resulting in total counts of at least 50 cells.
Statistical Analysis
The effects of nutrient enrichment and food web composition on each response variable (i.e., the functional groups Daphnia, small grazers, edible algae, filamentous algae, heterotrophic flagellates, and bacteria) over time were tested using repeated-measure ANOVA (rmANOVA). For filamentous algae, only the last five samples were used because their estimated biomass was zero in all treatments in the first sample. Corresponding statistics were also computed for the response variables when these were pooled as total algae and total zooplankton. Data were transformed before analyses to homogenize variances. Specific transformations used are given in figures and tables.
The effects of nutrient enrichment and food web composition on the ratio of edible algae : total algae were analyzed using a univariate ANOVA on the values from the last sampling only. This was because there was no variance food web treatment received either high (open circles) or low (filled squares) nutrient additions. Note that zooplankton biomass increased with enrichment in all food webs but that the difference between high and low nutrient treatments differed depending on food web configuration. Daphnia persisted only in web II, whereas small grazers were present in all treatments, although suppressed in web II.
for the first two sampling dates (i.e., the ratio was 1 in all treatments).
As a measure of variability in density (heterotrophic flagellates and bacteria) or biomass (others), the CV among all sampling dates was calculated for each replicate. The advantage of this approach is that it enables us to investigate the variability during the experiment despite rather few samples. However, it should be kept in mind that all food web components might not have passed through initial transient dynamics, even though the experimental time covered two generations of fish and more than 10 generations of other components. To test whether transient dynamics were present, we performed a series of calculations within each replicate, starting with the CV from the last two dates, then the last three dates, the last four, five, and finally all dates. Thus, we obtained five values of CV for each replicate. As dependent variable, we assigned each of the CV estimates a value between Ϫ1 and Ϫ5, where Ϫ1 corresponds to the CV estimate of the last two dates and Ϫ5 the CV estimate including all dates. We then performed a linear regression of these values using the inverted rank in time as a dependent variable. The regression tested whether a trend in the CV over time was present and, if so, the direction of such a trend. Moreover, the intercept served as a measure of the CV at the end of the experiment. A linear regression was selected because the data generally fitted well to a linear model and because a polynomial fit would be biased by the few data points.
Two-way ANOVA was used to test for the effect of nutrient level and food web composition on the CV of all sampling dates. If the ANOVA showed a significant effect, the test proceeded by performing Tukey mean compari- sons between pairs of treatments using the following criteria. First, if the main test showed a significant effect of nutrient level only, no further statistic was performed. Second, if the effect of food web composition was significant, each web was tested against the other regardless of nutrient level. Third, if the interaction between nutrient level and food web composition was significant, the effect of nutrient level within each treatment was tested, resulting in three different comparisons. We examined the residuals of the CV data and tested the assumption of normal distribution using Kolmogorov-Smirnov one-sample test. Data were log transformed before performing the ANOVA when necessary to ensure normality and homogeneity of variances.
Results
Fish biomass at the end of the experiment was significantly greater in enriched webs compared to unenriched (t-test, ) . When viewing the systems as chains, that is, P ! .001 pooling planktonic herbivores as total zooplankton and producers as total algae, total zooplankton biomass development was significantly different in the different web treatments (rmANOVA, , time # nutrient # web ; table 1). Grazers appeared earlier in webs II and P ! .001 III than in web I, where zooplankton was almost absent the first half of the experimental period ( fig. 2 ). Despite this, total zooplankton biomass was higher at the end of the experiment in web I. Food web structure affected the biomass development of total algae over time in enriched systems (rmANOVA, , ; time # nutrient # web P ! .001 table 2), resulting in a lower biomass during the second half of the experiment in web II compared to webs I and III (fig. 3 ). The three unenriched web treatments had fairly similar developments of both zooplankton and algal biomass over time (figs. 2, 3).
Over time, biomass and density of all functional groups (i.e., Daphnia, small grazers, edible algae, filamentous algae, heterotrophic flagellates, and bacteria) was significantly greater in high nutrient treatments than in low (figs. 2, 3). This trend was observed irrespective of web treatment. Separating the algae and zooplankton compartments into functional groups revealed a different pattern compared to their treatment as single units. Enrichment increased biomass of all functional groups, whereas food web structure influenced both abundance and presence of the functional groups. Daphnia were only persistent in enriched web II but largely absent from web III and unenriched web II (fig. 2) . Food web structure also had impacts on other functional groups by causing a tendency toward divergence from the equivalent unenriched web treatment. The biomass of filamentous algae was only moderately increased by enrichment in web II, where Daphnia were present, compared to the other web treatments, in which there was a greater increase. Edible algae in enriched treatments showed a single peak in biomass during the first half of the experimental period in webs I and II but showed a second peak in web III (fig. 3 ). The density of heterotrophic flagellates showed only a minor response to enrichment in web II compared to webs I and III ( fig. 4 ). Bacteria had a pattern different from all other groups by attaining a much higher final density in the enriched web III than in the other webs (table 3; fig. 4 ).
Succession toward less vulnerable algal species was sig- nificantly affected by food web composition. Hence, at the end of the experiment, filamentous algae dominated the algal community in webs I and II, where grazers were not affected by predation from fish ( fig. 5 ). In web III at the end of the experiment, the proportion of edible algae of total algae biomass was significantly higher than in other web treatments (ANOVA, Tukey's post hoc test, ), P ≤ .001 being 34% at low and 59% at high nutrient conditions. Edible algae dominated the algal community in web I until small grazers became abundant at the end of the experiment, when the proportion of filamentous algae increased rapidly ( fig. 3) . In web II, this shift in dominance took place earlier in the experiment. For both webs I and II, the shift tended to occur at a faster rate in the enriched treatments ( fig. 5) .
The temporal variability, expressed as CV, of biomass and density differed between treatments and functional groups. Enrichment significantly increased the CV for Daphnia ( fig. 6 ), total algae, and edible algae ( fig. 7) , as well as for bacteria (ANOVA, ; fig. 8 ; table 4). P ≤ .001 Although all the above groups responded in a similar way to enrichment, they differed with respect to responses to web treatment. In the case of total algae, enrichment affected all webs in a similar way, namely by increasing the CV. For edible algae, the CV was significantly higher in web II compared to webs I and III (Tukey's post hoc test, ; fig. 7 ). The CV of bacteria density was affected by P ! .01 the interaction between nutrient level and web treatment, illustrating that food web structure influenced the magnitude by which enrichment affected population variability. Accordingly, the CV in web I was similar in high and low nutrient treatments, whereas the CV in webs II and III were greater in high than in low nutrient treatments ( fig. 8 ).
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The CV of heterotrophic flagellate density and edible algal biomass were both affected by food web structure ( fig. 8 ). However, the CV of edible algae was significantly higher in web II than in webs I and III, whereas the CV for heterotrophic flagellates showed the opposite response, being lower in web II than in the other webs. Note that these two groups rely on totally different resources ( fig.  1 ) and, therefore, might not respond to enrichment similarly. Indeed, the CV of edible algae was higher in enriched treatments, whereas the CV of heterotrophic flagellates was slightly lower in enriched treatments (ANOVA, ; P p .01 table 2).
The CV of total zooplankton, filamentous algae, and small grazers were unaffected by enrichment (ANOVA, ; table 2). However, the CVs of these groups were P 1 .8 significantly affected by food web structure (ANOVA, ; table 2), being significantly higher in web I than P ! .001 in webs II and III (Tukey's post hoc test, ; fig. 6 ). P ! .001 However, this was mostly due to transient dynamics when moving from low biomass at the start of the experiments to high biomass at the end of the experiments (figs. 2, 3). Both small grazers and filamentous algae started up with extremely low biomass. Filamentous algae were not even detected in any replicates the first sampling occasion. Thus, the higher CV for small grazers and filamentous algae in web I was simply a result of higher densities in that treatment at the end of the experiment and not a result of any cyclicity in population density. The higher CV for total zooplankton biomass in web I was largely a reflection of the dynamics of small grazers.
There was a significant time trend in the CV for all response variables, except for Daphnia (table 5) . Generally, the trend was a decrease in CV (positive slope) as fewer sampling occasions were included in the calculations, that is, toward the end of the experiment. However, notable exceptions were edible algae in all low nutrient treatments and bacteria in web II treatments (table 5) , for which the CV increased over time (negative slope).
Discussion
Ecosystem enrichment may have three principal effects on food webs: one or more of the equilibrium population densities change (Rosenzweig 1971; Abrams and Roth 1994a, 1994b) , the stability properties of the web change (Rosenzweig 1971; Abrams and Roth 1994a, 1994b) , or the entire web structure changes (Arditi and Michalski 1996) . Below, we will relate our results to each of the effects separately. Our approach is a further development of the trophic-level concept. By viewing the experimental systems as either food chains or food webs, we compared the information lost by lumping species into trophic levels versus the information gained by splitting trophic levels into functional groups. We acknowledge that the food webs are still simplified, but they nevertheless represent one step toward a web rather than a chainlike analog of natural ecosystems.
Effects on Biomass Distribution
Prey-dependent models of linear food chains (Rosenzweig 1971; Oksanen et al. 1981; Oksanen 1991) predict that enrichment will increase the population size of the top predator and every second link below in the food chain. In general, we found total biomass to increase with enrichment independent of trophic position (see Hansson et al. 1998 ). This contradicts traditional food chain theory (Fretwell 1977 (Fretwell , 1987 Oksanen et al. 1981 ) but is consistent with previous field studies (Hansson 1992; Leibold and Wilbur 1992; Persson et al. 1992; Schmitz 1993; Mazumder 1994; Brett and Goldman 1997) and with predator-prey models that either are based on ratio-dependent functional responses (Arditi and Ginzburg 1989; Akçakaya et al. 1995) or include a negative feedback between exploitation intensity and resource vulnerability. More specifically, zooplankton biomass was independent of food web structure when the systems were analyzed as food chains, for example, when the biomass of functional groups within a trophic level were clumped. Introduction of a third trophic level (fish) did not decrease the zooplankton biomass response to enrichment, in contrast to theoretical predictions (Oksanen et al. 1981) . However, fish predation had qualitative effects on the zooplankton species composition (see below) that in turn indirectly affected algal biomass. Hence, algal biomass was higher in enriched systems but lower in enriched food web II than in the enriched webs I and III. Similar patterns have been obtained in the field, where grazers have been shown to modify the algal response to enrichment, resulting in different slopes between system productivity and algal biomass in odd-and evenlink lake ecosystems (Hansson 1992; Mazumder 1994) . Although algal biomass may be positively related to system productivity, trophic interactions may partly explain the variation in the relationship between algal biomass and productivity (Carpenter et al. 1985; Carpenter and Kitchell 1988) .
Predation from uncontrolled predators promoted succession toward inedible resources irrespective of whether fish or zooplankton were top consumers. In the presence of fish, Daphnia was replaced by less vulnerable forms, such as rotifers and the small cladoceran Chydorus. Similarly, presence of Daphnia promoted a succession toward The CV of Daphnia was significantly higher at high nutrient conditions. Both small grazers and total zooplankton biomass were significantly higher in web I than in webs II and III. The effects of nutrient condition and food web composition were tested using ANOVA followed by Tukey's post hoc test. Asterisks denote significantly different treatments: one asterisk indicates ; two asterisks, ; and three asterisks, . P ! .05 P ! .01 P ! .001 as in figure 6 . The CV of total and edible algae was significantly higher in nutrient enriched treatments, whereas the CV of filamentous algae was not affected by enrichment. Edible algae were sensitive to both nutrient and food web treatment, the CV being largest when web II was enriched. Filamentous algae were sensitive to web treatment. The effects of nutrient condition and food web composition were tested using ANOVA followed by Tukey's post hoc test. Asterisks denote significantly different treatments: one asterisk indicates ; two asterisks, ; and three asterisks, P ! .05 P ! .01 . P ! .001 the less vulnerable filamentous algae. Although zooplankton biomass did not differ between food web treatments, grazer community composition did, which in turn influenced algal succession. When efficient grazers, such as Daphnia, dominated the grazer community, filamentous algae were favored. Enrichment also had structural effects on the food web because it was crucial for the persistence of the Daphnia populations. Thus, enrichment of web II initially facilitated Daphnia growth, causing a high grazing pressure on edible algae and a subsequent increase of less vulnerable, filamentous algae. Also in field studies, Daphnia density has been shown to determine the resource quality of the algal community composition (Kerfoot et al. 1988; Vanni and Temte 1990; Leibold et al. 1997 ). However, Sarnelle (1993) showed that Daphnia promoted a transition from edible spring-bloom species to the similarly edible cryptophytic flagellates but, in contrast, retarded any further succession toward grazing resistant species.
Small grazers also responded to food web structure. When filamentous algae dominated the autotrophic community and Daphnia abundance decreased, small grazers became abundant, not because they fed on filamentous algae but more likely because heterotrophic flagellates and figure 6 . The CVs of bacteria abundance in webs II and III were significantly higher in enriched than in unenriched treatments. The CV of heterotrophic flagellate abundance, however, was only affected by web treatment. The effects of nutrient condition and food web composition were tested using ANOVA followed by Tukey's post hoc test. Asterisks denote significantly different treatments: one asterisk indicates ; two asterisks, ; and three asterisks, . P ! .05 P ! .01 P ! .001 edible algae became available as food resources in the absence of the competitor Daphnia (Gilbert 1988a (Gilbert , 1988b .
Effects on Variability
The paradox of enrichment (Rosenzweig 1971 ) predicts that enrichment destabilizes population dynamics, leading to an unstable equilibrium and population cycles. We tested this prediction by measuring the effects of enrichment on density variability, the variability being an index of stability. It should be kept in mind that the model prediction refers to the long-term state of a system, whereas the trend analysis in CV suggests transient dynamics during the experiments for all functional groups except Daphnia. This was particularly evident in web I, and consequently, the discussion relating to the paradox of enrichment hypothesis is restricted to the Daphnia-edible algae interaction in food webs II and III. Large-amplitude predator-prey cycles in a Daphniaedible algae system have been generated when the environment matched theory assumptions (McCauley et al. 1999) . However, stability is induced when Daphnia divert energy by producing ephippia instead of immediate young (i.e., considerably delaying the numerical response) or when inedible algae act as a nutrient sponge and reduce the carrying capacity of edible algae (Murdoch et al. 1998; McCauley et al. 1999 ). We could not distinguish between destabilization due to a paradox of enrichment behavior or any other mechanism due to the low sampling frequency in comparison to the generation time of the organisms. However, we conclude that enrichment did increase the variability in the dynamics of Daphnia and edible algae. For multispecies trophic levels, populationlevel dynamics is not necessarily reflected in trophic-level dynamics. Notably, a decreasing trend over time in CV was observed for the zooplankton and algae levels. We interpret this as a reflection of transient dynamics due to replacement of edible algae by filamentous algae. The increase in filamentous algae during the experiment decreased resource availability (McCauley et al. 1999) . Thereby, the potential for population increase in edible algae following release from herbivory also decreased. This, in combination with the variability in filamentous algae being unaffected by enrichment, stabilized both population-level (edible algae) and trophic-level (total zooplankton and algae) dynamics.
It is notable that functional groups showing a significant effect of enrichment also were strongly connected and defined as vulnerable to predation. The observed response in biomass variability of Daphnia and edible algae is exactly what classical predator-prey theory predicts (Rosenzweig 1971) . Daphnia and edible algae share one common characteristic despite being vulnerable to predation, namely, high exploitation efficiencies of their respective resource. In our experiment, edible algae consisted of small cells, mainly Scenedesmus sp. and Monoraphidium spp., with a capacity for rapid nutrient uptake and high growth rate (Reynolds 1984) . This makes edible algae competitively superior to filamentous algae in the absence of grazers. In a similar vein, Daphnia is able to ingest prey of a broader size range than the other grazers present in this study (Burns 1969) .
We also predicted that if an intermediate consumer suffered from predation by a top predator, density variability Note: Tukey's pairwise mean comparisons of the effect of nutrients (within each web) and food web structure (between each web) are given in figures 6 (zooplankton), 7 (algae), and 8 (bacteria and heterotrophic flagellates). would decrease. Indeed, presence of fish caused reduced variability in edible algal biomass, especially when the enriched treatments were compared. Fish had an overall stabilizing effect on food web dynamics, reducing variability of both grazer and producer biomass. Even though planktivorous fish are poor predators on small grazers, such as rotifers and small cladocerans, fish predation reduced den-sity variability of small grazers and eliminated Daphnia, thereby preventing overexploitation and destabilization of the algal community. Similarly, when Daphnia was the top predator, heterotrophic flagellate density was less variable than in treatments without Daphnia.
A predator-prey cycle is the result of the interactions between predation and resource availability, such that the stabilizing effect of density-dependent growth in the prey counteracts the destabilizing effect of predation (Lundberg and Fryxell 1995) . Here, edible algae and heterotrophic flagellates illustrate this. Due to their size, edible algae and heterotrophic flagellates constitute an appropriate resource for a variety of grazers and would be expected to respond similarly to herbivory. However, variability of heterotrophic flagellate abundance was lower in the presence of Daphnia, whereas edible algae showed higher variability. This does not indicate that heterotrophic flagellates were more sensitive to predation from small grazers than to Daphnia. On the contrary, both heterotrophic flagellates and edible algae were more suppressed by Daphnia than by small grazers. The resource base for edible algae is nutrients, whereas heterotrophic flagellates are considered the most important predators, alongside large cladocerans, of bacteria (Tranvik 1989; Pace et al. 1990; Riemann and Christoffersen 1993; Pace and Cole 1996) . Consequently, a high abundance of Daphnia may reduce the abundance of edible algae, heterotrophic flagellates, and bacteria and simultaneously increase resource availability for edible algae (i.e., nutrients) but decrease resource abundance for heterotrophic flagellates (i.e., bacteria; Pace and Funke 1991; Vaque and Pace 1992; Pace and Vaque 1994) . In our experiment, this hypothesized two-directional impact of Daphnia might have resulted in the observed response in variability of the heterotrophic flagellate population.
The significant effect of enrichment and food web interaction on the CV of bacteria is somewhat surprising. Previous studies illustrate the difficulties in showing any grazing effects on bacteria. Pace and Cole (1996) reported only minor effects of fertilization and food web structure on bacterial abundances, although bacterial production increased significantly by both enrichment and predation on large grazers. Bacteria comprise many species that probably differ morphologically and in vulnerability to predation (Güde 1988; Jürgens 1994) . It is therefore likely that replacements within the bacterial compartment would compensate for grazing effects from zooplankton, leading to a stabilization of the zooplankton-bacteria interaction. Despite the fact that we lumped all bacteria in one functional group, enrichment significantly increased the CV in both webs II and III. However, it should be emphasized that the variability in bacteria density, although significantly affected by enrichment, was low in comparison to 
Effects of Food Web Resolution
Aggregating species into trophic levels is one way to overcome much of the complexity observed in nature (Hairston and Hairston 1993; but see Cousins 1987) , and general conclusions have been drawn on the basis of the trophic-level concept (Persson et al. 1988; Hansson 1992; Hairston and Hairston 1993, 1997; Mazumder 1994; Hansson et al. 1998) . However, by aggregating species, there is a risk of excluding important trophic links that may seem unimportant. Polis and Strong (1996) argued that the complexity, when properly taken into account, will reveal interactions and processes that otherwise would remain unknown. It is beyond doubt that community ecology in the future must embrace the complexity of natural systems, but at present, there is no appropriate conceptual framework that generates testable predictions (Paine 1988; Diehl 1994) . We expanded the food chain perspective by splitting each trophic level into functional groups dominated by a few species. The resulting food webs were of low complexity, and yet they embraced some of the complexity by acknowledging processes at the population level. Hence, the food web perspective not only gave us information about the response of different functional groups but also indicated which functional groups were responsible for the observed general patterns. Total algal biomass responded to enrichment with increased variability, and this response was independent of food web configuration. In contrast, when the systems were viewed as webs, it was evident that only edible algae were destabilized and, moreover, that the variability of edible algae increased more in the presence of Daphnia. Filamentous algae, on the other hand, did not respond to enrichment in terms of variability. Thus, the destabilization of algae in general was due to a response in edible algae in particular.
In conclusion, predator-prey dynamics were destabilized by enrichment but were stabilized by changes in both resource edibility and consumer mortality. Thus, vulnerable prey responded in accordance with the paradox of enrichment hypothesis, whereas invulnerable prey were not destabilized to the same extent by enrichment. Moreover, enrichment changed the entire web structure, as illustrated by the occurrence of a persistent Daphnia population upon enrichment in our experiment. By breaking up the food chain concept into a matrix of food web interactions, and by recognizing the interplay between interspecific competition and predation, a more thorough picture of the function of ecosystems is obtained compared to when species are simply grouped into distinct trophic levels.
